Quantifying net intercatchment groundwater flows
The supplement provides details on the water balance equations, constitutive functions and the model parameters (including prior and posterior distributions). Additionally, the supplement contains an analysis of the inter-annual variability of net intercatchment groundwater flow processes.
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S1 Model equations
Symbols used to define the different fluxes and stores in the model schematizations (see Figure 4 of the paper) are detailed in Table S1 and Table S2 , definitions of the symbols used for the parameters are provided in Section S2 of the Supplement. Water balance and constitutive equations of the zero, constant, preferential and overflow intercatchment groundwater flows models are provided in Table S3 and in Table S4 . Net preferential intercatchment groundwater flows q IGF Net intercatchment groundwater flows from overflow model 
Water balance equation Zero Constant Preferential Overflow
Quantifying net intercatchment groundwater flows Table S4 : Constitutive functions. The indicates for which model(s) the constitutive functions apply. The following values are fixed for the smoothing parameters m1 = m2 = m4 = 0.005 and m3 = 0.05 (σ value of the error function).
Constitutive functions
Zero Constant Preferential Overflow
S2 Prior and posterior parameter distributions
A description of model parameters, units and prior range is provided in Table S5 . Posterior parameter ranges for the zero, constant and preferential models are given in Table S6 . For the Aroffe catchment, the posterior parameter distributions of the overflow model are shown in Table S7 . Quantifying net intercatchment groundwater flows Table S6 : Posterior parameter range (5-95 percentiles) for the zero, constant and preferential models for a selection of parameters Table S7 : Posterior parameter range (5-95 percentiles) for overflow model used in the Aroffe catchment at Vannes-leChâtel 
S3 Inter-annual variability of net intercatchment groundwater flows
The constant net intercatchment groundwater flow (IGF net ) model implies the same magnitude of IGF net each year, while in the preferential model, IGF net may vary inter-annually depending on meteorological conditions. Although meant for long term averages, the Budyko framework is shown for hydrological years in the Semois catchment at Sainte-Marie in Figure S1 . Years with the highest precipitation amounts (2007 and 2012) plot beyond the energy limit, perhaps an indication that certain thresholds are exceeded and that more underground losses towards neighboring catchments occur in these years. Although the observed annual variability may also be caused by changes in storage in the catchment, we consider that there may be years with more IGF net and we show that the preferential IGF net model is able to reproduce this behavior. Indeed, modeled mean annual net losses using the preferential model increase as the distance to the energy limit of each hydrological year decreases, as shown in Figure S1 . Pref. Figure S1 : Left: dimensionless representation of the runoff coefficient (Qobs/P ) as a function of the dryness index (Ep/P ), referred to as the Budyko framework, for hydrological years in the Semois catchment at Sainte-Marie. The blue line shows the water limit and the red line is the energy limit. Middle: mean annual modeled net loss using the feasible realizations of the constant model as a function of the distance of each year to the energy line. Right: mean annual modeled net loss using the feasible realizations of the preferential model as a function of the distance of each year to the energy line. The relation between the magnitude of the net loss and the distance to the energy limit for each hydrological year shows that the preferential model is able to reproduce the observed inter-annual variability of the water balance by generating higher losses in years that plot beyond or close to the energy limit.
